ABSTRACT The abundance of Homalodisca coagulata (Say) (Hemiptera: Cicadellidae) was examined in north Florida from
Homalodisca coagulata (Say), also known as the glassy-winged sharpshooter, is endemic to the southeastern United States and northeastern Mexico (Turner and Pollard 1959 , Triapitsyn and Phillips 2000 , Redak et al. 2004 and was introduced to California in the late 1980s (Sorensen and Gill 1996) . H. coagulata is highly polyphagous and feeds on the xylem ßuid of hundreds of plant species belonging to at least 37 families (Turner and Pollard 1959 , Adlerz 1980 , Hoddle et al. 2003 , Redak et al. 2004 , although seasonal patterns of host usage occur and are repeatable from year to year French 1987, Brodbeck et al. 1990 ). H. coagulata is an important vector of many diseases caused by the bacterium, Xylella fastidiosa, such as PierceÕs disease of grapevine, almond leaf scorch, plum leaf scald, phony peach disease, and numerous other scorch diseases (Hopkins and Purcell 2002) . PierceÕs disease precludes the successful culture of Vitis vinifera in the southeastern United States, and now, H. coagulata threatens the 33 billion dollar grape industry in California (www.wineinstitute.org).
Studies concerning the nutritional ecology of highly polyphagous insects have shown that the determinant of host plant selection is often total organic nitrogen (Slansky and Feeny 1977 , Mattson 1980 , Slansky and Scriber 1985 or nitrogen form (Taylor and Medici 1966, Brodbeck and Strong 1987) . Polyphagous insects beneÞt from a large availability of food and may consume many plant species to provide an optimal mix of nutrients and/or to avoid high concentrations of deleterious secondary compounds (Bernays and Bright 1991 , Waldbauer and Friedman 1991 , Bernays et al. 1994 , Bernays and Minkenberg 1997 . The abundance and consumption rates of polyphagous insects are more often related to primary compounds than to minor nutrients (Waldbauer and Friedman 1991) . Polyphagy may be particularly advantageous to H. coagulata and other xylophagous leafhoppers, because xylem ßuid contains the lowest concentration of nutrients of any plant tissue (Mattson 1980 , Raven 1983 ). Xylophagous insects such as H. coagulata and Philaenus spumarius L. produce copious quantities of excreta to the extent that they consume 100 Ð1,000 times their body mass per day (Mittler 1967 , HorseÞeld 1977 , Andersen et al. 1989 , Crews et al. 1998 , Ponder et al. 2002 , Milanez et al. 2003 . Well-developed cibarial pumps enable xylem feeders to extract ßuid against a negative pressure (Raven 1983) .
Xylem ßuid is 95Ð99% water, and total osmolality is typically between 10 and 20 mM (Andersen and Brodbeck 1989a , b, 1991 , Andersen et al. 1989 , which is at least an order of magnitude more dilute than phloem ßuid (Raven 1983) . The primary organic compounds in xylem ßuid are amino acids, organic acids, and sugars; inorganic ions comprise most of the remainder of the solute. Both organic carbon and nitrogen are extremely dilute in xylem ßuid, and the low concentrations of carbohydrates result in an exceedingly low carbon:nitrogen ratio (Andersen et al. 1989 , Brodbeck et al. 1993 . The behavior and physiology of xylophagous insects is especially linked to the effects of primary organic compounds because the concentration of secondary compounds is extremely low in xylem ßuid (Raven 1983) . The abundance (Brodbeck et al. 1990 ) and consumption rate (Andersen et al. 1992 , Brodbeck et al. 1993 ) of adult H. coagulata have been correlated with the concentration of the amides in xylem ßuid, whereas a more balanced amino acid proÞle (which is lower in the percentage of amides) supports the successful development of immature leafhoppers (Brodbeck et al. 1995 (Brodbeck et al. , 1996 (Brodbeck et al. , 1999 . Several species of sharpshooters, including H. coagulata, have been shown to have unusual physiological adaptations such as extremely high feeding rates, an extremely high assimilation efÞciency of organic compounds (99%), a high efÞciency of conversion of ingested nutrients, ammonetalism (thereby conserving organic carbon), and an adjustment of feeding to coincide with optimum plant nutrient status (Andersen et al. 1989 , Brodbeck et al. 1990 . Despite the economic impact of H. coagulata on the grape industry, studies have not directly addressed the nutrition of H. coagulata on Vitis. The preference and performance of H. coagulata on other host species have been shown to vary with host plant chemistry (Brodbeck et al. 1990 (Brodbeck et al. , 1999 (Brodbeck et al. , 2004 . Cultural conditions such as irrigation and fertilization also inßuence xylem ßuid chemistry (Andersen and Brodbeck 1989a , b, 1991 , Andersen et al. 1995a , which may impact H. coagulata feeding and performance (Andersen et al. 1992 , Brodbeck et al. 1999 ). Seasonal host selection by H. coagulata has also been shown to be mediated by changes in xylem ßuid chemistry (Brodbeck et al. 1990 ). Within Vitis, host selection by other leafhopper species has been shown to vary with genotype (Martinson and Dennehy 1995) , and an irrigation regimen has been shown to impact other xylem-feeding leafhopper species (Daane et al. 1995) . Chemical analyses of xylem ßuid from different Vitis genotypes show some similarities with glutamine being the predominant amino acid and malate the predominant organic acid; however, speciÞc proÞles of organic compounds varied with genotype and cultural condition (Andersen and Brodbeck 1989a , b, 1991 , Andersen et al. 1992 , 1995a . The preponderance of glutamine in Vitis xylem ßuid may impact H. coagulata behavior, because amides have been proposed to be phagostimulants (Andersen et al. 1992 , Brodbeck et al. 1993 . Xylem chemistry may be central to H. coagulata host selection and feeding.
The objectives of this study were to (1) evaluate the seasonal trends of H. coagulata abundance on Vitis genotypes in North Florida; (2) determine consumption rate of H. coagulata on Vitis genotypes, and (3) examine the relationship between leafhopper abundance and leafhopper consumption rates to the nutrient status (amino acids, organic acids, and sugars) of xylem ßuid. (cultivars Chardonnay, Chenin blanc, and Exotic). Vitis genotype was randomized within the vineyard. Vines were 2 yr old and were trained to a bilateral cordon training system and spaced 3 m apart. Vines had completed 1.5-m cordon growth to either side of the trunk after the Þrst year. Plants were watered twice a week through drip irrigation. Vines were fertilized with 0.454 kg of 10-10-10 fertilizer per vine during February of each year. Leafhoppers were counted on the following dates: 21 and 29 May; 5, 12, 17, and 25 June; 2, 9, 19, and 29 July; 2, 8, 13, and 24 August; 6, 17, and 26 September; 15 and 25 October; 2 and 13 November. The total number of leafhoppers on each vine (all shoots plus the cordons and trunk) were counted from 1000 to 1400 hours. Means Ϯ SE (n ϭ 6) were calculated for each species/ cultivar on each day.
Materials and Methods
2002 Experiment: H. coagulata Abundance on Vitis Genotypes and a Correlation of Leafhopper Abundance to Xylem Chemistry. The chemistry of xylem ßuid (amino acids, organic acids, and sugars) from each plant was determined at times of the year when the numbers of leafhoppers were greatest (June to September). The abundance of leafhoppers was counted as described above on the same vines on the following dates: 7 and 25 June; 3, 9, 18, and 31 July; 7, 14, and 28 August; 19 September; 2 and 29 October. Vines were 3 yr old. Xylem ßuid was extracted midday (1000 Ð1400 hours) during the weeks of 14 June, 16 July, 27 August, and 28 September from each plant using a pressure chamber apparatus (PMS Corp., Corvallis, OR) (Scholander et al. 1965 ). The extraxylellary tissue was stripped away, and a 0.25-MPa overpressure was used for 90 s (Andersen et al. 1995a , Berger et al. 1994 . One or two stem segments were used per vine to obtain sufÞcient quantities of ßuid.
Nineteen amino acids, 7 organic acids, and 3 sugars were quantiÞed in xylem ßuid by high-performance liquid chromatography (HPLC) (Andersen et al. 1992) . In brief, xylem ßuid was Þltered through 10,000-mw Þlters (Waters division, Millipore, Milliford, MA). The concentrations of amino acids in xylem ßuid were quantiÞed as follows. Samples were lyophilized and derivatized by adding 100 l of 2:2:1 ethanol:triethanolamine (TEA): distilled water. Twenty microliters of 7:1:1:1 ethanol: TEA:distilled water:phenylisothiocyanate was added, and reactions were allowed to proceed for 20 min under N 2 atmosphere. A 5 mM sodium phosphate buffer with 7% acetonitrile at pH 6.4 was the buffer for sample analysis. QuantiÞcation of amino acids was with a Waters HPLC equipped with a Pico Tag column (Waters Division; Millipore) at a wavelength of 254 nm.
Organic acids were quantiÞed using cation exchange chromatography on a Waters HPLC system (Andersen et al. 1992) . Twenty-microliter samples were run isocratically in a 0.015N sulfuric acid buffer. Sample detection and analysis was accomplished with an Ion 300 polymeric exchange column (Beckman Corp., San Ramon, CA) at 37ЊC at a wavelength of 214 nm. The concentrations of sugars were quantiÞed with a Dionex Ion Pac ion exchange column (Dionex Corp., Sunnyvale, CA). Detection was with a Dionex Pulse Amperometric detector with a gold electrode with pulses of 0.07, 0.60, and Ϫ0.80 mV for durations of 120, 120, and 300 ms, respectively.
Means Ϯ SE of nutrients were calculated for each genotype during June, July, August, and September (n ϭ 4 Ð 6 plants per genotype per month). The concentration of each chemical compound and groups of compounds were analyzed for each genotype on each of 4 measurement days by analysis of variance (ANOVA). The number of leafhoppers per month in June, July, August, and September was calculated, totaled, and subjected to regression analysis. The number of leafhoppers per vine was log 10 (x ϩ 1)-transformed before statistical analyses (SAS Institute 1999) . Experiment 3: Correlations Among H. coagulata Consumption Rate, Abundance, and Xylem Chemistry. In August 2003, H. coagulata abundance was determined as described previously. Cordon length was measured during 2003 because of variable plant vigor and growth by the third leaf. Leafhopper abundances and consumption rates were measured. Leafhopper consumption rates were measured in feeding assemblies (Andersen et al. 1992) . In brief, a 6-mm hole was made at the bottom portion of a 50-ml polypropylene centrifuge tube (Nalgene 3150 Ð 0050, Benton Dickinson Labware, Franklin Lakes, NJ), and a snap cap from a 15-ml tube (Falcon 2057) was glued over the hole. The 50-ml tube was slit longitudinally to allow the enclosure of a shoot without leaves, and a slit piece of foam stopper was placed inside the tube at the opened end. The 15-ml tube was attached to the snap cap and oriented vertically to collect insect excreta. One female leafhopper was placed in each assembly. The assembly was covered with aluminum foil to prevent the assembly from overheating. Consumption rates were measured by the quantity of liquid excreta (the sole waste product) accumulated over a 24-h period after an acclimation period of 24 h. Xylem ßuid was collected from shoots as indicated above. The concentrations of amino acids, organic acids, and sugars were determined for each vine for which consumption rates were determined.
Leafhopper abundance and consumption rates and variables of chemical data were compared by Vitis genotype using one-way ANOVA. Each Vitis genotype was replicated four to six times. Leafhopper abundance and consumption rates were log 10 (x ϩ 1)-transformed and were correlated to each other and to each chemical variable and groupings of chemical variables. The nutritional quality of Vitis genotypes from June to September 2002 was assessed by the chemical analysis of xylem ßuid. Nineteen amino acids, seven organic acids, and three sugars were quantiÞed. Mean values of each variable (averaged across four measurement dates) are presented in Table 1 . Concentrations of total amino acids varied over three-fold from 999 to 3,072 M. Chemical proÞles also varied greatly. The concentrations of most amino acids were signiÞcantly affected by genotype on each sampling date. The most signiÞcant differences in the concentrations of chemical compounds occurred during July and August. The amide, glutamine, was the major amino acid present in xylem ßuid and accounted for 58 Ð 83% of all the amino acids detected. Other amino acids occurred in concentrations Ͻ100 M, with the exception of arginine in V. vinifera cultivar Chardonnay. Organic acids did not vary as much in concentration (705Ð1,330 M) as amino acids, and fewer signiÞcant differences occurred among Vitis genotypes (Table 1) . Tartaric and malic acids accounted for the majority of organic acids in xylem ßuid. The concentration of total sugars was between 149 and 288 M; however, only sucrose concentration in September was signiÞcantly affected by genotype.
Results

The
The relationship of seasonal leafhopper abundance to the chemical proÞle of xylem ßuid was evaluated for June, July, and August 2002 (Table 2) . September data were not included because of the extremely low number of leafhoppers during this time. The most striking result was that leafhopper abundance was positively correlated to the percentage of glutamine concentration and inversely correlated with the percentage of each of the remaining amino acids listed in Table 2 (asparagine, glutamic acid, aspartic acid, serine, histidine, arginine, threonine, proline, valine, methionine, isoleucine, and lysine). The highest level of signiÞcance was obtained when comparing leafhopper abundance to percentage proline in xylem ßuid. Leafhopper abundance was correlated with the concentration of total amino acids only during August. Glutamine, aspartic acid, threonine, proline, and lysine were correlated with leafhopper abundance for all three dates. Organic acid proÞles were not as well correlated with leafhopper abundance compared with amino acid proÞles. Malonic acid was inversely correlated with leafhopper abundance in June and July. In July, the number of leafhoppers was positively correlated to malic acid and inversely correlated with lactic acid. The number of leafhoppers per vine was not affected by xylem tension (range, 1.05Ð1.55 MPa), except for an inverse relationship occurring during July (F ϭ 5.46; df ϭ 1,40; P Ͻ 0.0246; R 2 ϭ 0.120). Because the percentage of glutamine was the only amino acid positively correlated to leafhopper abundance, and proline produced the best inverse relationship, the ratio of the concentration of glutamine to concentration of proline (GlnPro) was studied (Fig.  2) . The GlnPro varied from 10 to 200, which was much greater than the range for the percentage of glutamine present in xylem ßuid. Leafhopper abundance was positively correlated (P Ͻ 0.0001) to GlnPro from June to August. Thirty-seven, 49, and 35% of the variation in leafhopper number per vine during June, July, and August, respectively, could be attributed to the GlnPro of xylem ßuid. The four cultivars of V. rotundifolia consistently had both the lowest leafhopper abundance and lowest GlnPro.
Consumption rate, the number of leafhoppers per vine, and the number of leafhoppers per meter cordon were determined during August 2003 (Table 3) . These variables were statistically correlated to components of xylem ßuid (Table 4) . Consumption rates on Vitis genotypes varied approximately an order of magnitude (from 0.96 to 9.3 ml/d). Consumption rates were highest on V. vinifera cultivar Exotic, V. rupestris cultivar St. George, and V. champini cultivar Ramsey and lowest for the cultivars of V. rotundifolia. Leafhopper abundance per vine and the number of leafhoppers per meter cordon varied almost 30-fold on the Vitis genotypes and was also lowest for cultivars of V. rotundifolia. Consumption rate was positively correlated with both the number of leafhoppers per vine (F ϭ 24.5; df ϭ 1,54; P Ͻ 0.0001; R 2 ϭ 0.313; Fig. 3 ) as well as the number of leafhoppers per meter of cordon (F ϭ 34.9; df ϭ 1,54; P Ͻ 0.0001; R 2 ϭ 0.393; Fig. 4 ). The chemistry of xylem ßuid collected during August 2003 is presented in Table 4 . The total concentration of amino acids varied from 550 to 3,422 M, with glutamine accounting for between 58 and 89% of the total proÞle. All remaining amino acids were substantially Ͻ100 M in concentration. The concentrations of 13 of 19 amino acids were signiÞcantly affected by grape genotype. Cultivars of V. rotundifolia tended to have lower concentrations of amino acids compared with the other genotypes. Chenin blanc was not included in this experiment because of vine mortality. Three organic acids (malonic, lactic, and succinic acids) and all three sugars (glucose, fructose, and sucrose) were inßuenced by Vitis genotype. The concentration of total organic acids was much less than the concentration of total amino acids, except for V. rotundifolia cultivars Regale, Early Fry, and Noble. The concentrations of sugars were substantially higher in 2003 (Table 4) than 2002 (Table 1) .
Leafhopper consumption rate and abundance were correlated with the chemical proÞles of xylem ßuid from Vitis genotypes (Table 5) . Consumption rate was positively correlated with the concentrations of total amino acids and the percentage of glutamine and phenylalanine. Inverse correlations were noted for aspartic acid, serine, glycine, threonine, proline, and lysine. Similarly, leafhopper abundance per vine and per meter cordon increased with total amino acids and the percentage of glutamine and phenylalanine, and abundance was inversely related to the percentage of many of the remaining amino acids (Table 5 ). The strongest inverse correlations between leafhopper consumption rate and abundance occurred for threonine and proline. Because consumption rate and leafhopper abundance were consistently proportional to glutamine and negatively correlated to proline, the affect of GlnPro was again assessed on leafhopper variables (Figs. 2 and 3) . Twenty-four and 42% of the variation in consumption rate and leafhopper number per meter of cordon could be ascribed to GlnPro, respectively (Fig. 3) . Consumption rate was correlated with the percentage of citric, malonic, succinic, and lactic acids ( Table 5 ). The correlation coefÞcients tended to be lower than for proline or GlnPro. Fructose was negatively correlated and sucrose positively correlated with consumption rate. Similarly, leafhopper abundance was also correlated with the percentage of organic acids; however, correlation coefÞcients tended to be low, and the biological signiÞcance is unclear.
Discussion
The distribution of H. coagulata was signiÞcantly impacted by Vitis genotype from 2001 to 2003. Total numbers of leafhoppers were ϳ5-to 10-fold higher in 2002 than in 2001. Despite differences in H. coagulata abundance during the 2 yr, seasonal patterns were similar. V. rotundifolia genotypes were consistently the least preferred hosts, with abundances ϳ5-to 10-fold less than other Vitis genotypes during the peak periods of abundance. Mizell and French (1987) have shown that seasonal patterns of H. coagulata density varied with host plant species but were repeatable from year to year. In 2003, the trends were the same whether analyzed by leafhoppers per vine or leafhoppers per meter of cordon. H. coagulata feeding was greatly reduced on V. rotundifolia.
We propose that the distribution of H. coagulata on Vitis genotypes was dependent on the chemistry of xylem ßuid. When leafhopper abundances were examined in relation to xylem chemistry abundance was greatly reduced on all Vitis genotypes, and there were few signiÞcant correlations with xylem chemistry.
These results support the hypothesis that glutamine may elicit behavior from H. coagulata that culminates in host plant acceptance. Host plant selection/acceptance by leafhoppers is believed to be through gustatory sampling (Backus 1985) . Glutamine also promoted feeding and may serve as a phagostimulant. These results are consistent with previous studies suggesting that amides (glutamine and asparagine) are correlated with H. coagulata abundance (Brodbeck et al. 1990 ) and consumption rates (Andersen et al. 1989 , Brodbeck et al. 1993 ) on host species belonging to different genera and families. Brodbeck et al. (1990) , working with peach [Prunus persica L. (Batsch)] scions grafted on preferred plum (Prunus salicina L.) and nonpreferred peach rootstocks, found that the concentrations of amides and leafhopper abundance were two-fold higher for peach grafted onto plum rootstocks. This was noteworthy because xylem chemistry was largely rootstock dependent, yet anatomy and morphology were dependent on the scion.
Correlations between insect measurements and chemical variables expressed on a percentage basis often highlight the importance of speciÞc nutrients, but may also have statistical limitations. The concentration of total amino acids in Vitis xylem ßuid is largely a function of glutamine, and thus many of the minor amino acids (expressed on a percentage basis) will be inversely proportional to glutamine. In 2002 and 2003, only four amino acids (aspartic acid, proline, threonine, and lysine) were consistently inversely related to percentage glutamine and to insect variables. Measurements of insect behavior (host selection and consumption rates) were less consistently correlated with actual concentrations of individual organic compounds. However, the strong inverse correlations between the percentage proline and leafhopper abundance suggest that proline may have inhibitory effects on abundance and feeding. Proline is a nonessential amino acid involved in metabolism for insect ßight (ScarraÞa and Wells 2003) . It is also the amino acid most often associated with plant stress (Rabe 1990) , because the unusual Þve carbon ring conÞguration confers stability in free amino acid pools. It is also possible that these same characteristics are problematic in dietary use. Previous studies have shown that H. coagulata assimilated all amino acids with high efÞciency; however, the amount of proline in sharpshooterÕs excreta typically exceeded other amino acids, including amides that were one to two orders of magnitude more concentrated in the dietary source (Brodbeck et al. 1993 (Brodbeck et al. , 1995 . High inverse correlations between sharpshooter abundance and proline concentration, coupled with previous data on assimilation and conversion of ingested proline, suggest that effects of proline on leafhopper behavior and physiology merit further study.
The most consistent nutritional correlate to insect abundances and consumption rates was the ratio of the concentrations of glutamine to the concentrations of proline (GlnPro) in xylem ßuid of Vitis genotypes. We propose that glutamine is a phagostimulant, and proline may be a feeding deterrent. Glutamine was the only amino acid that was positively correlated with abundance or feeding (with the exception of methionine in August 2002 and phenylalanine in August 2003). Proline had particularly strong inverse correlations to sharpshooter abundance in June and July, when genotypic differences in total amino acids and percentage glutamine were not as pronounced as in August 2002 and 2003. Glutamine is the primary nitrogenous compound in xylem ßuid and is responsible for the majority of organic nitrogen transported in xylem vessels (Andersen et al. 1989 , Brodbeck et al. 1990 . In contrast, proline represented Ͻ5% of the amino acid proÞle.
Chemical proÞles varied signiÞcantly with Vitis genotypes. Glutamine accounted for up to 89% of total amino acids in xylem ßuid, and most other amino acids were well below 50 M in concentration. In many other host plant species, both amides (glutamine and asparagine) predominate (Andersen et al. 1989 , Brodbeck et al. 1990 . Xylem feeders encounter skewed chemical proÞles that are particularly unbalanced in respect to the 10 essential amino acids required for insect growth and development (Brodbeck and Strong 1987) . Leafhopper abundance was positively correlated with total amino acids and the percentage glutamine in the diet even though percentage glutamine varied from 53 to 89%. Glutamine can be readily converted to many other amino acids (Lacey and Wilmore 1990) . Glutamine was also higher in concentration than total organic acids except for V. rotundifolia cultivars. The percentage of organic acids and sugars was sometimes inßuenced by genotype, although correlation coefÞcients were lower than for the amino acids. Yoshihara et al. (1980) reported that oxalic acid was a feeding inhibitor of the brown planthopper, Nilaparvata lugens (Stal), on rice. Brodbeck et al. (1995) showed that oxalic acid was the only organic acid that occurred in detectable concentrations in insect excreta; however, in our study, oxalic acid occurred in very low concentrations and was not correlated with abundance or feeding.
Nutrient retention entails diet selection and ingestive (consumption rate) and postingestive (assimilation and conversion of ingested nutrients) responses of insects (Simpson and Simpson 1992 , Raubenheimer and Simpson 1993 . For example, the aphid Acythosiphon pisum (Harris) regulated the intake of sucrose by regulating consumption rate, whereas amino acid and nitrogen retention were regulated postingestively (Absigold et al. 1994) . Although postingestive responses were not addressed directly in these experiments, both consumption rates and abundance were greatly affected by host genotype. Measurements of consumption rates by themselves are not a clear indicator of diet suitability, because increased consumption rates are often associated with preferred diets but may also indicate an adjustment by the insect to consume more of a nutritionally dilute diet (com- pensatory feeding; Slansky and Feeny 1977) . We have no evidence that H. coagulata was engaged in compensatory feeding because feeding was highest on genotypes with the highest concentration of total amino acids and lowest on genotypes with the lowest concentration of amino acids. Rather, we propose that H. coagulata regulated nutrient acquisition by host plant selection.
Leafhopper abundance was correlated with consumption rate, suggesting that leafhoppers visit and stay predominantly on genotypes on which they feed most heavily. Host plant acceptance of leafhoppers that feed on xylem ßuid is reported to be mediated by gustatory sampling of xylem ßuid (Backus 1985) . Milanez et al. (2003) , working with Dilobopterus costalimia (Young) and Oncometopia facialis (Signoret), noted that there was a positive relationship between the consumption rates and survival on various hosts. SigniÞcant correlations between consumption rates and leafhopper abundance also occurred, suggesting that adult H. coagulata uses Vitis primarily as a feeding host. Egg masses were comparatively rare on Vitis, and the adult to nymph ratio was over 10:1. Other leafhoppers have been shown to exhibit a distinct preference for certain Vitis species. For example, in New York, Erythroneura comes (Say) is most abundant on V. labrusca (Bailey), whereas E. bistrata (McAtee) and E. vitifex (Fitch) are much more important pests on V. vinifera or French hybrids (Martinson and Dennehy 1995) .
In this study, both leafhopper abundance and consumption rates were lowest on cultivars of V. rotundifolia. V. rotundifolia is native to the southeastern United States and is resistant to PierceÕs disease (Hopkins and Purcell 2002) . PierceÕs disease is caused by a bacterium (Xylella fastidiosa) and is vectored by xylem feeding leafhoppers. H. coagulata (and PierceÕs disease) cannot be controlled in north Florida because H. coagulata is highly polyphagous (Turner and Pollard 1959) and dispersive Morgan 2003, Blackmer et al. 2004, Mizell, unpublished data) , in a region where there is an extremely high diversity of alternative host species for both leafhoppers and for X. fastidiosa. While our study clearly documents effects of xylem chemistry on the vector H. coagulata, it is not possible to speculate on consequential effects on PierceÕs disease because a variety of disease resistance mechanisms may be involved.
Host selection by phytophagous insects is typically impacted by a variety of plant variables including water content, secondary compounds, and primary nutrients (nitrogen and carbon) (Slansky and Scriber 1985) . We suggest that host selection and consumption rates for H. coagulata is primarily a function of the nitrogenous compounds (amino acids) in xylem ßuid. The concentration of water is not a limitation for insects that feed on xylem ßuid, which is 95Ð99% water. We have previously shown that feeding of H. coagulata was negatively impacted by increases in plant stress (xylem tension); however, the inßuence of host chemistry on feeding predominated over xylem tension in the normal physiological range of xylem tensions (Andersen et al. 1992) . For example, consumption rates were maximum during midday when both xylem tension (up to 1.8 MPa) and xylem nutrient content was maximum. During 2002, leafhopper abundance was inversely related to xylem tension during July (F ϭ 9.37, P Ͻ 0.0039, R 2 ϭ 0.19), but not during June, August, or September. The concentration of secondary compounds in xylem ßuid is exceedingly low (Raven 1983) , and it is unlikely that such compounds are involved in directing leafhopper feeding and abundance considering the number of plant genera and species fed on by H. coagulata.
Dietary carbon is considered "superabundant" for many phytophagous insects (Slansky and Scriber 1985) , although xylem ßuid has an extremely low carbon:nitrogen ratio. We have previously documented that sharpshooters have unusual physiological adaptations that allow them to assimilate carbon with maximal efÞciency, whereas nitrogen assimilation is similar to that quantiÞed for other insect taxa (Slansky and Scriber 1985) . It has been hypothesized that, for developing H. coagulata, carbon intake and retention may be regulated behaviorally as consumption rates were inversely related to the carbon content of the diet (Brodbeck et al. 1999 (Brodbeck et al. , 2004 . ArtiÞcial diet studies have shown that herbivorous insects have the capacity to compensate for nutrient dilution by increasing the intake and processing of food (Simpson and Simpson 1992 , Raubenheimer and Simpson 1993 , Absigold et al. 1994 . For adult leafhoppers feeding on Vitis germplasm, consumption rates and insect abundance were not consistently correlated to total carbon in xylem ßuid. Abundances and consumption rates were consistently correlated with total nitrogen and total amino acids, suggesting that H. coagulata is a leafhopper species that is a "nitrogen specialist," as deÞned by McNeill and Prestidge (1982) . We offer the caveat that nitrogen form may be more important than total nitrogen, because certain amino acids (glutamine and proline) seem to inßuence behavior. Effects of Vitis germplasm on H. coagulata host selection and consumption suggests that, although all Vitis had glutamine as the predominant amino acid in xylem ßuid, variation in the predominance of this amide still inßuenced host selection. Early in the summer, xylem ßuid for Vitis genotypes is amide rich, and at this time, insect abundance is inversely correlated with other amino acids. Our results suggest that potential inhibitory effects of proline on host selection merit further study. Changes in the ratios of these two amino acids (GlnPro) were well correlated to 10-fold differences in H. coagulata abundances between Vitis genotypes. Understanding the basis of host selection within vineyards may be useful in formulating control strategies for H. coagulata. Currently, a wide variety of practices are being implemented in California to control and/or eradicate H. coagulata. Both the xylem chemistry of Vitis and leafhopper populations on Vitis may be impacted by cultural practices such as irrigation, fertilization, and rootstock selection. The abundance and feeding of H. coagulata in vineyards may be manipulated by altering xylem ßuid chemistry.
